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SUMMARY 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Twenty laboratories In six countries participated In this program, each testing 
its own materials of Interest under tts own laboratory conditions. In this way the 
results obtained provided validation of the Stralnrange Partitioning (SRP) method for a 
wide range of materials and Insured maximum usefulness to each of the participating 
laboratories. The first, very necessary step In the evaluation of any life prediction 
approach - assessing the ability of the method to predict life of simple laboratory 
specimens subjected to complex loading, was thereby taken. The culmination of this 
program was the Specialists Meeting that was held In Aalborg, Denmark In April of 1978. 
At that meeting the various Investigators shared thetr findings, thus providing the 
basis for an In-depth evaluation of the SRP method. While the results were variable 
from laboratory to laboratory, most Investigators agreed that the SRP method was a 
significant step toward life prediction In the presence of high temperature and cyclic 
stresses. 


INTRODUCTION 


Since advanced turbine engine materials for military applications are being used 
to a high fraction of their ultimate capabilities, there Is a great need for more 
meaningful high temperature mechanical property tests on these materials as well as for 
Improved analytical techniques for predicting their service life. One particularly 
vexing problem has been the difficulty In describing and predicting the behavior of 
materials subected to the high temperatures and the loading conditions, such as creep- 
fatigue Interactions, encountered In engine component service. The panel, has made an 
attempt to address this problem by supporting a cooperative prograin aimed at the 
evaluation of the Stralnrange Partitioning (SRP) approach for the analysis and 
prediction of low-cycle high temperature fatigue life. This approach Involves an 
entirely different way of dealing with creep-fatigue Interaction than considered 
heretofore and is a product of the high temperature fatigue research conducted at the 
NASA Lewis Research Center. 


WHAT IS SRP? 


Since the early 1950's, a variety of materials characterization and life 
prediction techniques have been developed to fulfill the Immediate needs of designers 
and builders of high-performance, energy-eonvers Ion equipment that must operate 
reliably for long periods of time at i.lgn temperatures. Although most of the approaches 
offered some unique advantage, they all had deficiencies of one sort or another. Also, 
since the early 1950's a Urge quantity of high temperature, low-cycle fatigue data has 
been generated on a host of alloys. In many Instances these data were determined to 
answer a single specific question relative to a particular design requirement, and 
little regard was given to the generation of data that would heve general applicability 
to future problems. As a consequence, the designer Is faced with a choice of life 
prediction techniques and a vast quantity of diverse, sometimes contradictor'/, and 
often Inappropriate low-cycle fatigue test data. 

It was out of this environment that the SRP approach was formulated In 1971 
(ref. 1). In the Intervening years we have developed considerable Insight Into Its 
capabilities and recognize the technological Impact the approach offers In the design 
of components that must resist failure due to the Interaction of high temperature creep 
and fatigue. The primary advantage of SRP rests on Its high degree of generality. 
Relatively few test data are necessary to characterize a material In terms of SRP, and 
the results are applicable to complex strain cycles. Not only Is the approach a general 
and fundamental one, but It also appears to offer better accuracy than other available 
methods In predicting life than has been possible heretofore (ref. 2). 




The Lewis Research Center has lone been Involved In the development of theories 
and approaches for deal Inf with low-cycle fatigue behavior of materials. A most 
Important transition from a stress approach to a strain approach occurred with the 
formulation of the Manson-Cof f I n law (ref. 3). We then went to the total strain 
approach with the Inclusion of the elastic portion of the total stralnrange (ref. 4). 
The Manson-HI rschberg method of universal slopes was then developed (ref. 5), which 
made It possible to estimate total stralnrange versus life behavior from conventional 
short-time tensile properties. It was, of course, recognized that these approaches were 
all limited to temperatures below the creep limit. Our first attempts to account for 
creep effects were the 10 percent rule (ref. 6) and the creep-modified 10 percent rule 
(ref. 7). T hese techniques represented most of the available high temperature test data 
well, but they were not sufficiently conservative for cases Involving long hold times 
or where large creep strains could be accumulated. An attempt to remedy this was made 
with the life fraction approach (ref. S). Unfortunately, that method Involves extensive 
cnalyt'cal procedures and was unable to explain some of the experimental observations 
regarding tho damaging effects of compressive stress. The next step was the 
formulation of the SRP .net hod which holds promise for overcoming deficiencies In 
previous methods. 



The basic premise for SRP Is that In any hysteresis loop there are combinations of 
just two directions of straining and tv.>o types of Inelastic strain, "the two directions 
are, of course, tension (associated with a positive inelastic strain rate) and 
compression (associated with a negative Inelastic strain rate); the two types of 
Inelastic strain are time dependent (creep) and time Independent (plastic). By 
combining the two directions with the two types of strain, we arrive at four possible 

kinds of stralnranges that may be used as basic building blocks for anv conceivable 

hysteresis loop. These define the manner In which a tensile component of strain Is 
balanced by a compressive component to close a hysteresis loop. What was next 
proposed, was that the Manson-Cof f I n relationship (which represents the Inelastic 
stralnrange versus life behavior for materials below the creep limit) be expanded to 
four relationships for dealing with materials above the creep limit. 

Once these relationships have been generated for a material, there remains the 
question of how to to apply ti.em to a more complex loading problem In order to predict 
life. This Is accomplished In two parts. First, the hysteresis loop for the cycle being 

analyzed must be partitioned Into Its Inelastic components. Second, a damage rule, 

which we have developed and termed the Interaction damage rule. Is applied In order to 
predict the life associated with the combination of aprlled stralnranges. 

It Is this total process of generating the Individual failure life relationships, 
partitioning a hysteresis loop Into Its component stralnranges, and combining the 
effects of these components to determine life, that we have called the SRP method. 
References S-21 contain descriptions of all the various aspects of SRP as well as 
several examples of the ability of the method to correlate and predict the fatigue life 
of speclnens subjected to complex loading conditions. 


THE COOPERATIVE EVALUATION PROGRAM FOR SRP 


Background 

The AGARD Structures and Materials Panel has haJ a long and active Interest In 
researching subjects that are of a critical nature and of common Interest to the NATO 
community. In keeping with this tradition, the Panel, In the Spring of 1971 deemed It 
highly advisable to Initiate specific activities In the area of low cycle high 
temperature fatigue ( LCHTF) . 

At the Fall 1972 SAM Panel Meeting, Mr. Drapler, who was charged by AGARO with the 
coordination of the various activities on this subject, submitted a document entitled 
Ad Hoc Group on Low Cycle High Temperature Fatigue - Status Report" (ref. 22), which 
reviewed the LCHTF work being carried out by the laboratories In the various NATO 
nations Interested In this problem. In the fall of 1971, Mr. Drapler presented to the 
SAM Panel his In-depth report entitled "Survey of Activities In the Field of Low Cycle 
High Temperature Fatigue" (ref. 21). 


Through the continuing efforts of Mr. Drapler, supported by this Panel, AGARD has 
published a volume containing the papers presented at the Specialists Meeting on Low 
Cycle High Temperature Fatigue (ref. 24) held In Washington D.C. In April of 1974. At 
this meeting, experts were Invited to provide replies to a number of questions raised 
by the organizers; each subject was Introduced by a paper, the purpose of which was to 
survey the problem areas associated with that subject and to orient and focus the 
1 subsequent discussion. 
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On* of the conclusions of the above noted Specialist* Meeting was tba recognition 
of the need for ■nor a rallahla lift prediction method* that art applicable to ICMTF tat 
turbine component*. It was In th# sprint of 19?' that this author prasantad an Invltad 
pilot panar to tha AGARG Working Group on High Temperature Material*. suggastlng a 
cooparatlva program almad at avaluatlng tha ability of tha SRP mathod to pradlct llfa 
In tha creep-fat Igu# rang#. This program was approvad hv th# SAM Panel and Massrt 
Mlrmchbarg and Prapler war# daslgnatad program roord I nators . Th# laboratories survevad 
(raf. J" war* than contactad by tha coordinators and Invltad to partlclpata In tha 
program, 

ORIGINAL PAG h u 

Program Objective* OP POOR QUALIFY 

Twanty laborator las In sis count r las participated In this program, each tasting 
Its iwn matarlals of Intarast under Its own laboratory conditions so that that th# 
rasults obtalnad would provide validation for a wld* rang# of matarlals and would 
Insura mas I mum usefulness to each of tha part Ic I pat I ng I aborator I at . In using a common 
sat of definitions, data sheets, and format for data present at !cn. It was also possible 
to collect and tabulate th# various sets of data and present them as a single body of 
high temperature craap- fat I gua data. Tha object Iva her#, was to produce a reference 
body of data easily usable by any other Investigator. What w# have taken hare, was the 
first, very na, assary step In the evaluation of a life prediction approach - the 
evaluation of the ability of this method to predict th# life of specimens subjected to 
complas loading from specimen data obtalnad from simple tests. One could not hope to 
obtain reliable Ilf# predictions for angina components If It ware not possible to 
reliably predict the live* of wall controlled laboratory specimens. The culmination of 
this program was a Specialists Mealing held In April of 1978, that brought together the 
Invest Igators with the objective of sharing their laboratory testing experience* to 
permit an In-depth evaluation of the SRP method, and provide mas Imum esposure to the 
findings and recommendations of a distinguished bodv of specialists. 


Progr am Organisation 

Iht program was organised and conducted by the two coordinators appointed by 
Aw ARP. Mr. Prepier acted as the focal point ror coordinating the activities aiming the 
turopean participants and this author had the equivalent respons I b II 1 1 as rot the t'.S. 
per t Ic I pant s . In the Initial phase or this activity, Mr. Prapler had the 
responsibility of surveying numerous laboratories In the NA10 community to determine 
their Interest In participating. Mj . Prapler was In an excellent position to 'ake this 
survey since he had previously made another survey In this area (ref. ?'). Once the 
Interested laboratories had been determined, a NASA reoort (ref. IS) was sent to each 
describing In detail what SRP was. how SRP tests could he run, and suggesting numerous 
aspect* or fRP that needed broader verification. This report was translated Into both 
French and German and made asallahte to those selected laboratories as well. Sufficient 
t I me was glsen for the review of this reoort and those laboratories which Initially 
esoressed Interest were again surveyed to final I, establish whether or not they wished 
to participate In the program. Once this was determined, the coordinators then 
constructed a timetable ror the program, that Included such Items as Interim program 
res lex, Meeting* (described In Mini- Sympos I a section), dates for completion of the 
testing portion of the pry' gram as well as for the written final report, and the final 
Specialists Meeting, The coordinators were also responsible for arranging the 
Specialists Meeting and assembling the final AtlARP Report containing the papers and 
discussions held at this meeting. 


i rog r am Part I c I pars t s 

Table I lists the principal participants In this program along with their 
organ I fat Ions , There were or course many other persons Involved In the Individual 
testing programs as we I I as those that contributed to the success of the Specialists 
Meeting. These names and organ I :at Ions are rat too numerous to list here. Most of these 
persons can, however, be Identified In the AGARP publication of the proceedings or the 
■ *ee tin* (ref. ) . 


Prog aw data Generation and collection 

In order to be able to easily construct a set of tables describing all the data 
generated In the esaluatlon program, It was necessary to first agree upon common 
definitions and terms, as well as data sheets that all the participants could use. The 
data sheets weir used for reporting all the fatigue data, as well as background 
Information defining the Material* used In |h# Iny est I gat I ons , Ibis Information 
Included chemical compos 1 1 Ion. taler lal processing and heat treatment, and the 
c onvent Iona I Mechanical properties ror each of the alloys tested these data sheet 
were used to ensure that pertinent Information was reported In a consistent wanner. 

One or the sample data sheets Is sh.w.n In table II, Copies or all the data sheets were 
sent to the NASA lewis Research Center where Mr. ,■ . f . Sal (swan transcribed the 
Information to a computerised format for ease of storage analysis, and retrieval. 
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Mini- Synpot I a 


Onp of the prhte reason* for the succsgs of this activity was tha Interaction 
afforded the Investigator* from the ml n 1 - *ym*.o* I a . They provided the opportunity for 
critical In-depth Interchanges of Uleet, concern*, testing technique*. a» well a* the 
evaluation of test results that were a benefit to all the part lc I pant* . 

In order to e»*u re maximum participation In these svmnosla. separate meeting* were 
held In the U.S. and In Europe. During the course of the evaluation program. Mi, 

Oraoler arranged three meeting* for the European participating laboratories. They were 
held at the National Physical laboratory In England, the Center for Met a I lurg I r* 1 
Research In Belgium, and the National Gas Turbine Ettabl Ishmant In Ingland. Thl* author 
arranged three similar meeting* foi tbe U.S. part lc I pet Ing I eborator I p* . Two *uch 
meeting* were held at the NASA lewl* Research Center end one at the Air force Malarial* 
laboratory. Thl* author wa» the only one who attended all *1* symposia and was thereby 
able to keep the laboratories on both side* of the Atlantic Informed end up to date 
regarding all aspect* of the SRP evaluation program. in addition to report* presented 
orally hy this author at each symposia, meeting minute* were distributed to all the 
part lc lp.it Ing laboratories. 
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RESUITS Of Till SRP E VAl HAT I ON PROGRAM 


The culmination of the SRP cooperative evaluation program was an AGARD sponsored 
Specialist* Meeting where paper* were presented, and where extensive discussion* were 
held. These papers. Including their Individual rva! rations and recor-mendat Ion* 
regarding the SRP method, as well as all the tabulated test data are given In reference 
2b. A brief review of these follows: 


Spec lal I *t* Meet Ing 

The Specialist* Meeting was held In Aathorg, Denmark on the 11th and 12th of 
April, 1R7S. Seventeen presentat Ions were made In three separate sessions with a 
fourth session devoted entirely to discussion. Preprints for all of the presentations 
were available at the meeting and had been distributed to «P the speakers prior tr* the 
meeting. Recorders were assigned to each of the sessions for the purpose of documenting 
the sense of the discussions that followed each session. The condensation of these 
discussion* also appears In reference 7t. 




Data Tabulation 

All of the data collected from the participating laboratories were tabulated In a 
common format and appear In the appendix of reference 2b. In this form. It represents 
an extremely valuable body of c i rap- f a t I gue data covering a variety of engineering 
alloys. \ s much of the raw data as possible were Included In the tabulations o that 
future analyses and I nterpretat Ions can be made with a minimum of effort and a maximum 
of rellahlltv. An example of the creep- fat I gue test data for one alloy I* shown In 
Table III. 


I. valuation of the SRP Method 

The general consensus of the Investigators Involved In this program w.-.s positive 
and In agreement that the SRP method was * significant step foward In high temperature 
low-cycle fatigue life prediction. There did emerge f- *m thl* program several concerns 
and racoevmendat Ions regarding SRP. These dealt pr'marl with the problems associated 
with the application of SRP to cases Involving small Inelastic strain* (and therefore 
long live*). The difficulties associated with partitioning these narrow hysteresis 
loop* and the present Inability of SRP to handle mean stress effects were also noted. 

1 he specific* regarding these concerns and reeormendat Ions can be found In the 
Individual paper* of reference 2fi. 







In as much as this cooperative evaluation program was the result of a request of 
the AGARD SAM Panel Sub-Commltee on High Temperature Materials, It would be desirable 
to review their conclusions regarding this program. The following was extracted from 
the Summary Record of the 46th Panel Meeting: 

"Informal discussions were held with the members of the Sub-Committee with the 
following conclusions: 




The Stralnrange Partitioning Cooperative Program was an outstanding success because 


a) 


It provided an additional 
physical testing 


19 laboratories In 6 NATO nations with a new method for 


b) It provided a broad base of experience In using the new approaches and the 
methods for handl Ing the data 


c) while the results were variable from laboratory to laboratory, most Investigators 
agreed that the stralnrange partitioning method was a significant step toward 
life prediction In the presence of high temperature and cyclic stresses " 

The above Is In effect an Integration of all the conclusions of the Individual 
participants In this program. Each of the Investigators have Included their own 
conclusions In their written papers and these are available In reference 26. 
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Twenty laboratories in six countries participated in this program, each testing its own materials 
of interest under its own laboratory conditions. In this way the results obtained provuiid val- 
idation of the Strainrange Partitioning (SRP) method for a wide range of materia 's and insured 
maximum usefulness to each of the participating laboratories. The first, very necessary step 
in the evaluation of any life prediction approach - assessing the ability of the method to predict 
life of simple laboratory specimens subjected to complex loading, was thereby taken. The 
culmination of this program was the Specialists Meeting that was held in Aalborg. Denmark in 
April of 1978. At that meeting the various investigators shared their findings, thus providing 
the basis for an in-depth evaluation of the SRP method. While the results were variable from 
laboratory to laboratory, most investigators agreed that the SRP method was a significant step 
toward life prediction in the presence of high tempera .ure and cyclic stresses. 
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